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Abstract
Abstract
Mobile applications are becoming more and more important in the daily life and offer interesting 
and completely new aspects to the field of cartography. The technological possibilities provided by 
computer  science have had a large impact  on cartography and therefore cartographers  must be 
familiar with the development of software to present geographic information and make it accessible. 
With the recent rise of mobile devices like smartphones, it  is inevitable that this has to include 
mobile platforms as well.
The main focus of this Bachelor thesis is on the conceptual design and implementation of tutorials 
to teach the development of mobile applications or 'apps' for the Android platform. The tutorials are 
going to be part of exercises in a practical course that accompanies the lecture 'Mobile Cartography' 
held at the Institute of Cartography at the Dresden University of Technology. Five exercises have 
been created covering key aspects of Android programming with Java.
The theoretical part of this thesis starts with providing definitions of important terms of mobile 
computing and mobile cartography that will play an important role throughout the thesis. After that 
possibilities of interaction with mobile and web applications are introduced and discussed briefly. 
Location-based services  and their  usage in  the context  of  social  networks  are  discussed in  the 
following section  before  the  sensors  of  mobile  devices  are  analyzed.  A brief  discussion of  the 
potential for augmented reality applications is also given. The following second section deals with 
mobile software platforms and focuses on the Android operating system for mobile devices. Within 
this section, the features of the Android framework are described and some specific characteristics 
of software development are explained. The third section is all about the conceptual design and 
implementation of the tutorials. Considering the requirements for the practical course and different 
aspects of learning, the pedagogical approach is described. Additionally the ECLASS model which 
has evolved in the context of E-Learning is explained as it provided the structure of the exercises. 
After that,  the content of the five exercises which include basics, layout, internal interaction of 
components, database access and the integration of maps is reflected. Finally, a brief outlook on 
further possible exercises is given.
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1. Introduction
1. Introduction
1.1. Motivation
In August 2012, the Korean electronic company and smartphone producer Samsung was sued by a 
court of law in the United States to pay Apple over a billion dollars for the infringement of patents 
concerning  the  design  of  smartphones  that  are  owned  by  Apple1.  This  verdict  is  expected  to 
influence  the  future  competition  on  the  market  for  smartphones  and it  demonstrates  the  major 
importance and economic relevance that mobile devices have today.
With the number of these mobile devices being sold steadily increasing, the smartphone is already 
an important part of the daily life. Being able to access the Internet from almost everywhere has 
changed the way we communicate and process information in a remarkable way. As a result of these 
developments, cartography is also facing new challenges as well to deal with the completely new 
technological possibilities that are provided by smartphones for navigation and other map-based 
services which have to be available in a mobile context, either online of offline.
Nowadays cartographers have to be familiar with all different kinds of new technologies to create 
maps.  Aside  from  knowledge  about  how  to  deal  with  complex  geographic  datasets  in 
geoinformation  systems  (GIS)  it  is  necessary  to  have  basic  knowledge  of  programming  and 
software  development  to  create  applications  that  support  the  management  and  presentation  of 
geographic information. This knowledge has already been extended to the usage of web maps with 
the increasing possibilities of the Internet and the same is done for the mobile sector as well now in 
order to use mobile devices as a tool for cartographic purposes in this field.
On the one hand mobile devices like smartphones are providing a completely new approach to 
interaction with maps as they are equipped with only a few buttons and multi-touch displays. But on 
the other hand limitations exist as well which have to be taken into account (for example the screen 
size and battery capacity). A variety of sensors are also available to obtain the location and other  
information about  the mobile  device.  The potential  of these sensors and the implementation of 
location-based services are still an important aspect of research and are also important for the field 
of mobile cartography as well.
1 http://www.nytimes.com/2012/08/25/technology/jury-reaches-decision-in-apple-samsung-patent-trial.html?
smid=pl-share
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To provide  learning material  on  the  field  of  mobile  application  programming  is  considered  as 
essential part of teaching basics in mobile cartography at the Dresden University of Technology's 
Institute of Cartography. For this reason, exercises needed to be created by the author to give an 
overview of programming for the Android platform. The motivation for this work was based on an 
future-oriented approach in cartographic education that should prepare students for the challenges 
of a new technology, the mobile device in the shape of smartphones.
1.2. Objectives
For this reason the comparison of interaction with mobile and web maps should be a part of this  
thesis as well as the analysis of the potential of location-based services and smartphone sensors. 
These aspects are considered in the first part of the thesis,
The main objective in the context of this thesis was the conceptual design and implementation of 
exercises  in  Android application development  for a  practical  course that  accompanies a  lecture 
about  'Mobile  Cartography'  given at  the  Institute  of  Cartography of  the  Dresden University  of 
Technology.  The  structure  is  developed and explained  in  the  second part  of  the  thesis  and an 
overview of the contents of the exercises is given.
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Mobile Cartography
The term 'mobile cartography' is defined by Reichenbacher (2001) as the field of cartography that 
deals with theories and technologies of dynamic cartographic visualization of spatial data and its 
interactive usage on mobile devices. The user context is taken into account as well as other features 
at any time.
This means, mobile maps are adapting to their mobile usage and can react to the user's mobility by 
obtaining the user's current location. The localization with the use of GPS and the exact point in 
time are creating the context of the user and the usage. With this context, spatial data is adapted to a 
concrete situation by selection, preparation and presentation. Hence, mobile refers to three points: 
the mobile usage, the mobile device and the mobile content that is adapted dynamically to a specific 
user situation (Reichenbacher et al. 2002).
Smartphone
A smartphone is a mobile or cellular phone with more advanced features than a common mobile 
phone.  Aside  from  telephoning  and  exchanging  SMS  text  messages,  smartphones  offer  the 
capability to access the Internet and browse the World Wide Web, send and receive E-Mails and to 
deal with media content like images and music. A variety of sensors are available that include a 
camera,  a receiver for WLAN, a GPS receiver to obtain the current position of the device and 
motion sensors to detect a change in the phone's position from a movement like rotation. Due to 
these extended capabilities, a smartphone runs a more complex OS platform than mobile phones 
which  provides  greater  functionality  and builds  a  framework for   modifications  to  the  system, 
including the installation of new software and an open API to enable software developers to create 
new software.
Mobile application
A mobile  application (or 'app'  as it  is  called in common language) is  a  software that  has been 
created  for  a  mobile  device  like  a  smartphone  and  is  running  on  it.  Applications  for  mobile 
platforms are either pre-installed and integrated into the OS or can be downloaded additionally from 
a marketplace on the Internet. These Applications provided for download are either free or paid for 
by the user . 
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Location-based services
Location-based services (LBS) are defined by Schiller/Voisard (2004) as “services that integrate a 
mobile device's location or position with other information so as to provide added value to the 
user”.
For this reason the are considered as context-aware services which automatically adapt their 
behavior to context parameters of a target (Küpper, 2005).
Schiller/Voisard (2004) also distinguish between person-oriented LBS applications with a user-
based service like wayfinding and device-oriented LBS which are used for the external tracking of 
an object, for example tracking for theft recovery. There are two types of application design that can 
be distinguished as well:
– Push Services provide their information without an active request by the user and may or 
may not depend on a prior consent.
– Pull services provide information that is actively requested from the network by the user and 
may be location-enhanced (e.g. finding a location that is close).
Web 2.0
The term web 2.0 has become increasingly popular and was established with the Internet's change 
from a static medium that only displayed information to a medium that supported user interaction. 
This has become possible with an advance in Internet technology and bandwidth speed. Today, 
Internet users are able to not only share content but also to publish and distribute their own content 
without  any  knowledge  of  programming  or  website  design.  Several  platforms  such  as  social 
networks, blogs or Wikis are available that enable the user to participate. With these developments 
collective intelligence and UGC is becoming more and more important in many fields but also 
carries risks concerning privacy issues and the quality of user content that have to be considered 
now and in the future.
4
3. Mobile applications and cartography
3. Mobile applications and cartography
3.1. Interaction
3.1.1. Human-computer interaction
With the emerging increase of  mobile  devices,  there is  a  need to  focus  on the possibilities  of  
interaction with mobile map applications. The term interaction can be defined as the connection of 
different elements and is applied to the field of digital information processing with the consideration 
of human-computer interaction (HCI). In this context, interaction describes all kind of tasks which 
are  performed on a  computer  by a  user  (Bollmann/Koch,  2001).  The field of  human-computer 
interaction is not only limited to the consideration of one single user on a desktop computer. A user 
can be an individual person, a group of users or a sequence of users with each user  managing a 
different part of the task. A computer can be any kind of technological system and may include non-
computerized parts. The interaction is any kind of communication that takes place between the user 
and the  computer  and can  be of  direct  and indirect  nature.  Direct  interaction  is  based  upon a 
dialogue  with  feedback  and  permanent  control  while  performing  the  task,  whereas  indirect 
interaction can involve batched processes or an environment that is controlled by intelligent sensors 
(Dix et al., 2007).
For this reason, one of the primary goals of HCI is the design and development of graphical user 
interfaces  (GUIs)  to  comfort  the  user  and  facilitate  the  interaction  with  the  computer.  This  is 
achieved with a focus on the usability of hard- and software (Quiring/Schweiger, 2006). The tasks 
performed by the user can be text processing, database queries or, for example, navigation as an 
cartographic application.
The level of control is a measurement of interactivity which describes the characteristic of of a 
computer system to provide the possibility of interfering and controlling (Bollmann/Koch, 2001). 
Dix et al. (2004) state that “the purpose of an interactive system is to aid a user in accomplishing  
goals from some application domain” and this needs to be adapted to a mobile user environment.
In (Holzinger, 2001) there are three different methods of interactions described which summarize 
recurring dialogue patterns. Firstly, descriptive interaction methods are mentioned which operate 
with linguistic descriptions that are using symbols as well  as formal and natural languages. An 
example for symbols is the use of neutrally labeled keys on a common keybord (e.g. F-Keys) that  
can be used by various applications and provide an expandable range of operations. The use of 
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formal languages is often considered as an efficient way for user input but it  requires a higher 
learning effort. Natural languages are accounted to provide the best from of interaction but it is 
rather complex to implement such methods as they are not qualified to deal with complex situations 
and can cause problems with ambiguity.
Secondly, deictic interaction methods are mentioned that provide interaction with the use of pointer-
based selection by menus, key that are labeled in correspondence to their usage and metaphoric 
dialogues. Menus are the most widespread kind of interaction method as they provide a form of 
dialogue that is easily usable and prevents the user from committing input errors but they only offer 
a limited range of choices which is dependent on the screen size.  Specifically labeled keys are 
considered to be a menu with direct selection possibilities that speed up the process of selection. 
However, as they are dependent on the keyboard, no universal portability is guaranteed. Metaphoric 
dialogues on the other hand stimulate a familiar working environment that requires only little effort 
in  orientation but  these are  usually  overrated  by users  as  they require  a  description  of  control 
structures via a manual. Finally, hybrid interaction models are mixed appearances of the mentioned 
methods like forms or menus with text input.
All interactions that determine the usability of an interface take place in a certain context. This 
context  is  essential  to  understand  the  activities  of  the  user.  The  most  adopted  and widespread 
definition of context is given by Day and Abowd (1999) who describe it as any kind of information 
that can be used to characterize an entity's situation. An entity is either a person, place, or object 
with relevance to the interaction between a user and an application. This also includes the user and 
applications  themselves.  The  authors  distinguish  between  elements  of  primary  and  secondary 
context. Primary context features elements like place, time, identity and activity which form indices 
to secondary elements such as  appointments or  conditions. In a cartographic context,  place is the 
most important element of context and which can be obtained from a mobile device as the user's 
geographic location.
Systems that can be changed by user interaction that includes the context parameters are based on 
an  adaption  of  the  system.  An  adaptable  system  provides  tools  for  the  user  to  change  the 
characteristics of a system, hence the adjustment of parameters is possible for the user. It is possible 
to distinguish between the terms adaptability and adaptivity. Adaptability means the general quality 
of a system to be adaptable, whereas adaptivity means an automatic or self-adaption of the system's 
characteristics to the needs of users. Therefore, the interference changes explicitly in an adaptable 
system but explicitly in an adaptive one (Reichenbacher, 2003).
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A specific cartographic communication model for the use of interactive mobile maps was developed 
by Hauthal and Burghardt (2012) that takes the adaption of a mobile map to the user's context into 
account. In this model, the cartographer acts as a sender and coder who designs a map and develops 
an application with interaction features. The artistic and technical abilities form the cartographer's 
context whereas the user acts as a data producer as well as an user of the data and is therefore called 
ProdUser with a context that consists of sending and decoding and is determined by its interests and 
abilities. In this case, those sending and decoding results and the producer/user must not necessarily 
be one and the same person. Rather, the ProdUsers can be  formed by a group of producers on the 
one hand and users on the other.  In this  model,  the mobile application is located in the center 
between the cartographer and ProdUser, dependent on the hardware and software that provides the 
content and possible interaction. A selection is made depending on the ProdUser's context that is 
visualized on the mobile device. ProdUser and cartographer both gather their information from the 
real world that stands above the communication process and contains two overlapping subsets, the 
world  of  the  cartographer  and  the  world  of  the  ProdUser.  The  overlapping  area  symbolizes  a 
common  repertoire  of  characters  necessary  for  both  communication  and  common  abilities  in 
working  and  acting  with  the  software.  An  example  for  an  application  that  implements  this 
communication model is OSM, a mapping project, that is founded on UGC. With tools provided by 
developers, users are building up a world map collaboratively by adding their own GPS data that is 
then displayed on the web.
3.1.2. Comparison of interaction in Internet and mobile maps
On the basis of aforementioned considerations regarding interactivity, this chapter will focus on 
differences concerning interaction between Web maps and mobile maps. Both means of delivering 
maps play an important role in the field of multimedia cartography and are becomming more and 
more  connected  as  the  Internet  is  gaining  access  to  the  world  of  mobile  devices.  Multimedia 
cartography can be defined as the sector of cartography that deals with the use of multimedia for 
visualization and communication purposes. Multimedia itself refers to the use of different types of 
media such as images, video or audio supported by computer-based information processing. The 
individual elements are independent from each other, different media and processes can be edited 
and  displayed  simultaneously  and  elements  can  be  accessed  interactively.  Aside  from this,  the 
content is multi coded in different ways (text, image, sound) and multi modal with a variety of 
senses for perception. Based on content and function, the elements are combined in a reasonable 
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manner (Bollmann/Koch 2001).
With  the  World  Wide Web,  the  use  of  interactive  multimedia  increased  dramatically  and thus, 
multimedia cartography emerged to present geographical information in a different way. It should 
take advantage of the available technology and change the accessibility of geographic information 
(Cartwright/Peterson, 2007).
The  differences  in  interactivity  of  multimedia  maps  on  Web  and  mobile  platforms  are  highly 
dependent on the different screen sizes and the user context. According to Meng (2008) users of 
mobile devices usually face time-critical tasks which requires the largest adaptability to support the 
user and the least interactivity to distract him. Mobile maps are currently implementing two major 
forms of adaption: with the help of sensory techniques and with the help of user inputs.
– Adaption by sensory techniques is realized by obtaining the user location, the direction and 
speed of movement by the mobile devices sensors such as a GPS receiver, digital compass 
or  other  measuring  sensors.  The  graphical  representation  of  the  map  is  refreshed 
simultaneously so that the user gets a personalized and egocentric presentation of his actual 
visual field.
– Adaption by user inputs works with data the system requires the user to input. This can be 
about the age, preferred language, movement code and then, the style of the presentation is 
automatically adapted to the user's needs.
Both forms can be integrated into one system in practice, which enables the adaption to combine 
dynamic  parameters  of  the  situation  (location)  with  static  parameters  defined by the  user.  The 
interaction is considered to to take place in two different manners. Either in a monomodal manner 
with a  pen,  which  can also  considered as  a  finger  on today's  smartphones  touch displays  or  a 
multimodal  manner  which  combines  different  operations  such  as  multiple  touch-pen  or  finger 
usage, speech and gesture. Taking these operations into account, the following operations performed 
by the user are possible with mobile maps:
– Panning: stepwise movement of the map towards different directions.
– Zooming: enlargement or reduction of the display window without content changes.
– Zooming with LoD: rendering a new level of detail when zooming is performed, which is 
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either pre-calculated or generated in real time. 
– Hiding and revealing: visual hiding or highlighting of certain objects or object classes.
– Switching: choice of different complementary styles of presentation.
– Focusing: retrieving detailed information stored in a database by clicking on a certain object.
– Tuning of visualization parameters: change of viewing angle and graphic variables such as 
color, texture, symbol size and figure-ground contrast within allowed value ranges.
– Dialogue: activation of a dialogue windows for data input
– Query: search for certain objects or object classes by giving a single or many criteria
As Gartner  (2005) defines,  mobile  mapping is  an extension of Internet  mapping as the data  is 
usually  transferred  to  a  mobile  device  through  wireless  Internet  access  and  so  is  called 
Telecartography. Hence, the basic possibilities of interaction with Web maps are fairly similar to 
those of mobile maps. Again, the differences in interaction are founded by the technical limitations 
of an mobile device. The GUI of a map displayed on a screen can always offer more GIS-like 
interaction and editing options as more space is available on the screen and Different types of input 
possibilities can be used (mouse, keyboard).
An important aspect of interaction with Web maps is the connection to other multimedia content for 
additional information. This content should be 'clickable' and may have various forms like other 
maps or other media, information queried from a database or metadata (Cartwright, 2005).
With embedding Internet  maps in  common websites,  the use of Hyperlinks  is  one of  the most 
common interaction methods as it  provides the connection to  the other  content.  Interactivity  is 
therefor considered to be a self-evident and necessary characteristic of cartography in the context of 
the Internet (Gartner, 2003). In the context of interactivity, Peterson (2005) differentiates between 
three types of Web maps. Cartwright (2005) defines them more specifically:
– Static  maps,  which  are  similar  to  printed  paper  maps  in  that  they  are  unchanging,  and 
present only one kind of view. Zooming could be a possible interaction method but this 
depends on the image source. Raster data that was scanned or converted from a vector image 
does not provide the possibility  to  zoom whereas vector  data  images might  do.  A good 
practice for the use of static maps is displaying historical maps which do not require any 
further interaction.
– Interactive maps should enable the user to make decisions on content and design of a map. 
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Dependent  on  the  used  technology,  this  might  require  additional  software  to  support 
techniques such as scalable  vector  graphics (SVG) or common gateway interface (CGI) 
scripts. Also, different WMS and WFS offer a variety of capabilities from available map 
servers.
– Animated maps offer a dynamic view of maps with a changing content. This is carried out 
with  different  methods  like  real-time  interactivity  or  color  table  animation.  The  use  of 
components such as slider controls, time scale indicators and their positioning needs to be 
considered in order to achieve best usability.
Strategies for the design of interactive maps need to take both aspects into account, the connection 
with Hyperlinks to other components as well as components which are supporting the displayed 
image of a map.
3.2. LBS and mobile applications
3.2.1. Usage of LBS in mobile environments
With the evolution of mobile hardware devices such as smartphones (mobile computing) and the 
mobile availability of the Internet (mobile Internet) geographic information technology and Web 
mapping advanced from being bound to a desktop platform to a mobile stage. This development to 
mobile map usage enables a user to access data in any situation where information is needed – the 
data is no longer restricted to being accessed from a static location like at home - and has to be 
adapted due to changes in the environment or spontaneous decisions (Reichenbacher, 2007).
The possibility of obtaining the user location from a mobile device like a smartphone with a built-in 
GPS sensor has created a new field of research concerning location-based services. In addition to 
the access to map data, either local or online via mobile Internet access, these services can be used 
specifically  for  navigation  and  wayfinding  purposes.  This  technology  finds  an  application  in 
systems designed for pedestrian as well  as car navigation and aspect of context-awareness plus 
adaption needs to be considered for these too. The user activities in particular need to be taken into 
account regarding the specified context and the amount of detail of information that is inputted by 
the user. The output that should help and support the user in decision making can be the result from 
a search for a specified kind of POIs close to the user's location or finding a way to a location in an  
unfamiliar environment. As these tasks require a lot of user interaction to provide the data that is 
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necessary to carry out this services, a major goal is to minimize user interaction by improving the 
service  adaption  to  a  changing  environment  to  provide  context-sensitive  and  personalized 
information to the user (Raubal/Panov, 2008).
Jokinen  (2008)  defines  several  functionalities  that  a  mobile  application  with  multimodal  route 
navigation that implements a location-based service should provide:
– offline route planning
– online route guidance
– exploration of location at all times
– access to location-based data like routes and POIs
– information about the use of the system
The user location can be obtained in different ways. GPS has already been mentioned but there it is  
also possible to obtain a geographic location from the signal strength of a mobile network or from 
wireless networks that are recorded in a database using the Wi-Fi sensors of a smartphone (Hilty et 
al.,  2012).  A closer  examination  of  the  accuracy  of  these  services  that  are  accessed  via  the 
smartphone's  location  sensors  will  be  given in  chapter  3.2.2.  about  the  usage  and  potential  of 
smartphone sensors.
3.2.2. LBS and social networking
With the rise of the Web 2.0, communities developed to enable Internet users to stay in contact with 
friends  or get  in  contact  with other  people.  These social  connections can be administrated and 
maintained  on  an  online  platform  and  membership  is  available  for  free  but  a  registrations  is 
required. These platforms are called 'social networks' and the advancing technologies in the fields of 
smartphones and mobile Internet are supporting their rise with more and more people accessing 
them from their phones and exchanging messages or shareing thoughts and preferences.
With the support of LBS it is also possible to share one's location or to receive the location of POIs 
and other people close to their location. Social networks exist for almost every group of users and 
interests. Platforms like Facebook or MySpace are without any specific target user group and can be 
used for a variety of purposes, others focus on business connections (LinkedIn or Xing) or a user 
group like students (StudiVZ). Other platforms focus on the exchange of short messages (Twitter) 
and with Foursquare, a social network only for location exchange exists.
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In  the  following  section  the  three  major  platforms  Facebook,  Twitter  and  Foursquare  will  be 
characterized briefly to suggest an idea of the use of LBS in social networks.
Facebook
Because Facebook being the largest community with about 955 million active users as of of July 
20122 it can be considered as the most important social network today. All users have their own 
profile page including a photo, personal information and status updates about what they are doing 
that he or she can share with friends. As well as a website, Facebook provides a mobile application 
for the use on a variety of smartphones with Internet access that is able to obtain the user's location 
from a system service like GPS. The community provides locations to 'check in' which are recorded 
in a database including their location and are displayed to the user in the mobile application by their 
proximity to his or her current location. Any location can be added by the user on the Facebook 
website with an address, description, photos and link to other information and is displayed on an 
embedded Microsoft Bing map on the website. Users are able to share what they are doing at a 
location and can tag people they are with. The location is visible to the people that are allowed to  
access the user's Facebook profile which can be specified in the privacy settings. This could be 
anyone or just the people the user is connected to on Facebook3.
Twitter
Twitter is a service that allows users to share short messages with 140 characters with other people.  
Users  can follow other  users  or be followed to receive and exchange messages called 'tweets'. 
Twitter also provides a mobile application that enables the user to 'geotag' a 'tweet' that they are  
sending from their  smartphone via Internet. These 'geotags' are then displayed to all other users, 
either Online or on their smartphones with a Twitter application that have subscribed to follow user 
on a Google Maps map4. The location information shared on Twitter is visible for everyone on the 
users Twitter website so users are advised to carefully consider privacy issues5.
Foursquare
Being primarily designed for the use of sharing the users location from a mobile device, Foursquare  
also  provides  mobile  applications  for  many  devices.  Users  can  find  places  and  'check  in'  to 
2 http://pdf.secdatabase.com/700/0001193125-12-316895.pdf
3 https://blog.facebook.com/blog.php?q=check-in
4 https://support.twitter.com/articles/118492-how-to-tweet-with-your-location-on-mobile-devices#
5 https://support.twitter.com/articles/78525#
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locations. With over 20 million users, foursquare has millions of check-ins per day, according to 
their own webiste6. Locations can be added by themselves or other users and it is possible to see 
which  users  have  already  checked  in  and  what  friends  that  are  close  to  the  user  are  doing. 
Descriptions and recommendations for locations like sights, restaurants or bars can be posted and 
are visible to other users. As a special feature, foursquare encourages its users to perform as many 
check-ins as possible which is rewarded with points and intended to create a sort of competition 
among the users. All check-ins at foursquare can also be published on Facebook and Twitter (Hilty 
et  al.,  2012).  To  display  user  locations  on  a  map,  Foursquare  uses  a  technology  provided  by 
MapBox that supports the creation of custom maps based on OSM data.
All these services are experiencing a growth in their usage and the connection of LBS and social 
networks is expected to be extended in the future which raises questions about privacy and data 
security. Data mining from social networks is already discussed in public regarding the user control 
of personal data and privacy issues have to be important in the future development of these services.
3.3. Usage and potential of smartphone sensors
3.3.1. Sensor types
Smartphones offer a variety of sensors to obtain the user location with different functionalities. 
Some  of  these  functionalities  have  primary  main  purposes  like  transferring  data  and  provide 
localization as a side-effect. Location sensors are all based upon the same principle that defines the 
location  of  an  object  relative  to  one  or  several  other  objects  with  known locations.  With  this 
information  an  absolute  position  can  be  calculated  in  a  common reference  system.  All  sensor 
technologies  underlie  certain  limitations  in  availability  and accuracy.  A combination  of  several 
sensor methods can provide an improvement in both, availability and accuracy (Hilty et al. 2012). 
Table 3.1. lists up all available sensor technologies and gives an overview of the positions that are 
given, the position to determine, the accuracy, possible limitations and what is identified.
6 https://foursquare.com/about/
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Technology Position
given
Position 
determined
Accuracy Limitations Identification
Satellite 
positioning 
(GPS)
Geostationary 
satellites
GPS-Receiver ca. 10 m Shadowing 
effects (e.g. 
buildings)
None
Mobile 
networks 
(GSM, UMTS)
Base-stations 
of mobile 
networks
(cell towers, 
antennas)
Mobile device 
(e.g. 
smartphone)
ca. 100 m in 
populated 
areas and more 
than 1 km in 
rural areas
Shadowing 
effects, skip-
zones
SIM card
WLAN base-stations compatible 
device
ca. 1 m (in 
theory)
Range of 
coverage
(40 m – 300 m)
MAC-Address 
of the device
Bluetooth compatible 
devices
compatible 
device
Same as range 
of coverage
Range of 
coverage (1 m 
– 100 m)
Bluetooth 
device address
NFC compatible 
devices
compatible 
device
Same as 
reading range
Reading range 
(below 20 cm)
Serial number 
of chip
Acoustic 
positioning
Loudspeakers Mobile device 1 cm – 2 cm Range of 
coverage (4 m 
– 10 m)
SIM card
Cameras Camera Object(s) in the 
image
Limited by 
accuracy of 
known camera 
position
Limited by 
image 
analyzing 
technologies
Shapes, Faces, 
Text
Table 3.1. Positioning technologies and their characteristics (according to HILTY ET AL., 2012)
Satellite positioning
The system that is used most often for satellite positioning is GPS, a technology developed by the 
U.S.  Department  of  Defense  that  was  introduced  in  2000  for  public  usage  with  reasonable 
accuracies under 10 meters. With GPS-receivers becoming smaller, there is a combination of GPS 
and mobile network signals that can be used for localization to increase the accuracy and is built 
into  alsmost  every  smartphone.  GPS-recievers  merely  receive  a  signal,  so  the  device  can  only 
localize itself and cannot be localized from another device (Hilty et al. 2012).
Mobile networks
Determining the position of a mobile device using mobile networks depends on the GSM cell size  
which  varies  between 100 meters  in  populated  areas  and 35 kilometers  in  rural  areas  and the 
propagation delay of a signal. Hence, the accuracy can be very irregular. As the required signal  
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strength for positioning is lower than for communication, base stations that are out of range for 
communication  can  still  be  used  for  this  purpose.  The  device  can  either  localize  itself  or  be 
localized from another device (Hilty et al. 2012).
WLAN
Wireless Local Area Networks connect computers and peripheral devices. Hotspots or access points 
provide  access  to  the  network  and  are  spread  widely  in  populated  areas  today  which  enables 
smartphone users to use them for localization as well. For this purpose no direct network access is 
required,  only the position of the base station needs to be known and recorded in a databases. 
Similar to mobile networks, the location is calculated from propagation delay of the signals and the 
device can localize itself as well as being localized (Hilty et al. 2012).
Bluetooth
Bluetooth is primarily used for wireless short-distance data transfer and localization is based on the 
ability of devices to detect each other within a range of 10 meters. Small networks, called 'Piconets' 
can be created with Bluetooth devices as base stations and a 20 meter cell size to track location and 
motion of devices moving within these networks (Hilty et al. 2012).
NFC
Near Field Communication is used for wireless data transfer within very short distances (below 20 
centimeters) and based on the RFID (Radio frequency identification) technology. With RFID it is 
possible exchange data between a transmitter and a receiver to. Transmitter are transponders that 
can either be passive or active, but the use of passive transponders or 'tags' is more common as they 
are not so expensive in production. But unlike RFID with NFC communication in two directions is 
possible that can be encrypted. This allows the use of NFC for cashless payment and the usage is is  
predicted to increase in the future as a quick and easy way to exchange data in the everyday life. A 
side effect is that movement profiles can be created from the usage of NFC which could cause an 
issue with privacy. The position of the device that receives the signal can be determined if  the 
position of the transmitter is known (Hilty et al. 2012).
Acoustic positioning
Positioning using acoustic signals in an audible range requires the installation of specific software 
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on the mobile device to access the speaker and microphone of the device. With an exchange on 
acoustic signals and their propagation delay either the relative distances between devices can be 
calculated or, in an adequate environment with speakers that are installed at a fixed and known 
location, even the absolute positions. However, a practical usage of this technology is questionable 
(Hilty et al. 2012).
Cameras
As camera sensors are an essential part of smartphones and image data is readily available on the 
Internet, imagery is considered to qualify the identification of objects and even persons. On the one 
hand geotagging, which means that an image is always saved simultaneously with the geographic 
location of the place it was taken is becoming more popular with the combination of cameras and 
GPS receivers in smartphones and cameras. Other services providing content-based image retrieval 
are advancing which are able to detect surface structures like faces in images that are compared to a  
source image (Hilty et al. 2012).
Aside from these sensor types that require interaction with their environment to a certain extent, 
mobile devices like smartphones are also equipped with other sensors. These sensors are able to 
detect motion and gravity to determine the movement of the phone and to adapt the screen layout if,  
for example, the phone has rotated about 90 degrees.
3.3.2. Augmented reality
Augmented reality (AR) can be considered as an interface technology that play an important role 
for  smartphones  with  the  combination  of  several  sensor  technologies  provided  by  them.  The 
relevance  for  cartography  has  been  analyzed  in  previous  work  for  pedestrian  navigation 
(Viehweger, 2011) and this chapter gives a brief overview of the technology.
AR can be defined as an amplification of a user's perception by supplementing computer generated 
visual information. This visual information, which can be an image or text, superimposes the field 
of view of an user and can be a support in everyday life. In a location-based context with mobile 
applications  on  smartphones  this  means,  that  information  about  POIs  or  routes  is  added as  an 
overlay the visual layer of a see-through sensor like a camera (Schmalstieg/Reitmayr, 2007).
According to Viehweger (2011) a mobile application that supports augmented reality must therefore 
have access to the following sensors:
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– A GPS receiver that provides the current location of a mobile device
– An electronic compass to determine the direction of view
– A motion sensor to detect movement of the device to adapt the superimposed information to 
changes of the view
– An optical see-through system like a video camera which allows the user to view the real 
world through the display of a mobile device with a known field of view
Additionally, an Internet connection is required, to get access to the information that is displayed 
and usually comes from an online database.
The usage of augmented reality applications in a location-based context is expected to become more 
important with the increasing capabilities of smartphones. Today, augmented reality requires a high 
real-time processing performance of graphical content which is provided more and more by mobile 
devices. With mobile devices becoming increasingly powerful in performance there is still a lot of 
potential in the field of AR. The amount of information that is displayed as an additional layer is 
also dependent on the Internet connection speed which is experiencing a continuous improvement. 
The free application Wikitude is a vivid example for an AR application. The application obtains the 
user's location and the field of view and displays information from Wikipedia or other platforms for 
location recommendations as an overlay over the image that is obtained from the mobile device's 
video camera.
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4. Smartphone platforms and application development
4.1. Software platforms for mobile applications
A numer of platforms have developed with the rise of the smartphone market and it is worth looking 
closely at the development and distribution of applications for the most popular and widespread 
platforms. As the smartphone market is still in a state of steady growth there is also a lot of activity 
on th field of mobile platforms. The distribution of operating systems running on smartphones sold 
in the second quarter of 2012 is compared to the second quarter of 2011 in Table 4.1. based on data
from Canalys, an independent market research company7.
Mobile platform Market share 2nd Q 2012 Market share 2nd Q 2011 Alteration
Android 68.1 % 47.6 % + 20.5 %
iOS 16.4 % 18.9 % - 2.5 %
BlackBerry 5.4 % 11.6 % - 6.2 %
Symbian 4.1 % 16.8 % - 12.7 %
Windows Phone 3.2. % 1.2 % + 2 %
Others 2.9 % 3.9 % - 1 %
 Table 4.1. Market shares of mobile operating systems (CANALYS, 2012)
The market shares in Table 4.1. indicate that at the time of writing this thesis the most smartphones 
sold were running with an Android platform. Apple's  iOS with 16.4 percent has fallen slightly 
against Android. RIM's Blackberry and Symbian experienced a dramatic loss. Microsoft's Windwos 
Phone was able to gain more market shares and it is expected to grow further with the release of the 
latest  version  in  fall  2012.  The  marketing  and  advertising  company  Nielsen  provides  another 
analysis of market shares which show that the situation on the United States smartphone market are 
in  accordance  with  the  results  from Canalys.  According to  their  data  published  in  June  2012 8 
Android is running on a majority of 51.8 percent of the smartphones owned in the United States and 
iOS has a comparatively larger market share than worldwide with 34.3 percent. The other platforms 
account for 14 percent altogether with 8.1 percent of devices that are running BlackBerry.
The following paragraphs introduce the main characteristics concerning application development 
platforms, iOS, Windows Phone and Android. Figure 4.1. shows an image of the main screen of 
7 http://www.canalys.com/newsroom/stellar-growth-sees-china-take-27-global-smart-phone-shipments-powered-
domestic-vendors
8 http://blog.nielsen.com/nielsenwire/?p=32494
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each particular platform.
Figure 4.1. The main screens of iOS, Windows Phone and Android (from WIKIPEDIA, 2012)
iOS
Apple's operating system for the first iPhone, called iPhone OS was released in 2007. Based on the 
Mac OS X Kernel, it was designed for devices with touch screens from the beginning. The iPhone's 
touch screen was the first one to support multi-touch interaction and started the industry trend for 
mobile devices with touch-only interaction. With growing succes of the iPhone, Apple used the 
iPhone OS for other devices such as the iPad and iPod as well and renamed it to iOS. The current  
version, running on the iPhone 4S is iOS 5 that includes Siri, a software for interaction with voice 
recognition9. One year after the release of the iPhone, the App Store was introduced by Apple to 
enable  developers  to  publish  their  applications  and  to  enable  users  to  download  and  install 
applications  that  are  either  free  or  paid  for.  LBS  support  is  realized  with  the  Core  Location 
framework and a Map Kit supports the embedding of Google Maps services (Helal/Bose/Li, 2012). 
However, with the introduction of iOS 6 in fall 2012 Apple is going to launch its own mapping 
service and it will become independent from Google's services10. Currently, there are over 650 000 
applications available from the App Store (Distimo, 2012). Developers can create applications with 
the iOS SDK which was also released in 2008 but it is necessary to create an developer account at a 
cost of 99 U.S. dollars per year. This enables users to download the iOS IDE Xcode, to test an 
application  in  an  emulator  and  to  distribute  it  on  the  App Store11.  Furthermore,  a  Apple  Mac 
9 http://www.apple.com/iphone/features/siri.html
10 http://www.apple.com/ios/ios6/maps/
11 https://developer.apple.com/programs/ios/
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computer  is  required  for  application  development.  The  main  programming  language  of  iOS is 
Objective-C  which  is  an  object-oriented  programming  language  that  is  similar  to  C  but  other 
languages like Java, C++ or Python are supported as well (Allen et al., 2010).
Windows Phone
The Windows Phone started in 2003 when Microsoft launched Windows Mobile for smartphones. 
As a response to Apple's iPhone and increasing competition, Windows Phone was introduced in 
2010 with other recent mobile device technologies. Applications for this platform can be developed 
in C#, a language introduced by Microsoft and inspired by Java and in Visual Basic .NET. C# is an 
object oriented version of Visual Basic adapted for Microsoft's .NET framework. As well as the 
choice  of  a  programming  language,  two  different  frameworks  can  be  chosen  for  application 
development: Silverlight and XNA. The user interface is designed with Metro UI which will also be 
part  of  the  latest  Windows version  (Helal/Bose/Li,  2012).  Applications  are  developed with  the 
Windows Phone SDK and Microsoft Visual Studio 2010, which are included as a set of tools for  
developers  that  is  available  for  free  but  runs  only  with  a  Windows  OS.  Applications  can  be 
downloaded from the Windows Phone Marketplace.
Android
Android is a light-weight Linux-based open-source software platform which “includes an operating 
system, middleware, and key applications”12. It was developed for the use on mobile devices under 
the leadership of Google and has become the most popular and widespread operating system on 
smartphones according to the statistics shown in figure 4.1 with more than 400 million activated 
devices13. Developing applications for Android is possible for anyone with basic knowledge of the 
the Java programming language and all  tools for software development  are  available for free.  
Applications can be published on the Google Play Store which offered over 600 000 applications at 
the time of writing 14 and requires a publisher account which costs 25 U.S. dollars.
With this thesis drawing attention to application development for Android, the next chapter will  
focus on its characteristics in detail.
12 https://developers.google.com/android/
13 http://www.android.com/
14 https://play.google.com/about/apps/
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4.2. The Android operating system
4.2.1. The software platform Android
The latest stable released version of Android from July 2012 is 4.1. with the codename 'Jelly Bean'  
that is equivalent to API level 16. Although this is the latest version, there are significant differences 
concerning the distribution of Android versions. As it can be seen in figure 4.2, Android version 
2.3.3. ('Gingerbread') is still  the most widespread version, running on around 60 percent of the 
mobile devices with and Android OS. Android 3.x has been optimized for devices with larger screen 
sizes like tablet computers. This market is still much smaller than the smartphone market which 
explains the relatively small  distribution of this version.  As the current version of Android was 
published only shortly before the latest statistics from Google, there are not many devices running 
the latest version yet. However, this can be expected to change rapidly as more new devices are 
being released and sold over the next months.
Figure 4.2. Distribution of Android versions in August 2012 (from Android Developers)
The development of Android is organized by the Open Handset Alliance (OHA), a consortium of 
technology companies led by Google, which have the common aim of the creation and maintenance 
of an standardized open platform for mobile devices. It was founded in November 2007 shortly 
before a preview of the first Android SDK was released. With Android the developers supposedly 
have a free and open operating system which can access the whole range of functionality of a  
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mobile device as is easy adaptable to their custom requirements. It is also claimed to be easily 
expanded by new technologies and is seen as a project build to evolve with the contribution of an  
active developer community (Open Handset Alliance).
Based on a Linux Kernel it is not just  another Linux distribution,  but a platform that has been 
designed and customized for the use on mobile devices like smartphones an tablet computers. The 
Kernel provides hardware drivers for the display, touch input, networking, power management and 
data storage. Furthermore it contains memory and process management components as well as a 
support for flash based file systems like solid-state drives almost all mobile devices use instead of  
hard  drives  (Helal/Bose/Li,  2012).  Figure  4.3.  gives  an  overview  of  the  Android  platform 
architecture and its components which will be explained later on.
Figure 4.3. The Android platform architecture (according to HELAL/BOSE/LI, 2012)
As Android is supported by a variety of processor types, it is not only possible to run it on a mobile  
device but on any device that consists of a micro processor. For this reason, Android is already and 
can be installed on many communication and entertainment devices such as telephones, television 
and satellite  receivers  and game consoles.  Most  mobile  devices  are  using ARM processors but 
MIPS and X86 are also supported.
The system architecture as shown in Figure 4.3. shows that as well as the Linux Kernel, the runtime 
environment and system libraries form the base of the Android system.
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Android runtime 
The runtime of Android contains core libraries and the Dalvik Virtual Machine (DVM),which is the 
core runtime component. The original Java code of an application is translated to DVM compatible 
byte code in a process known as 'cross-compiling'. The reason for this is, altough the Java Virtual 
machine and the original Java byte code are protected by license, transforming the Java code to byte 
code that is compatible to the DVM does not violate license rights that are not owned by Google or  
the OHA. On this way Android applications can be written in Java and existing knowledge about 
the programming language can be used which is one reason for the popularity of Android. For each 
application a DVM is started along with an operation system process. This requires more system 
resources but has advantages regarding security and availability.
System libraries
Using C/C++ system libraries, functionalities such as graphics libraries, database and Web access, 
user interface components etc. are provided which are required by applications from the application 
framework for operating.
Application framework
This layer manages Android specific Java classes that provide access to hardware components of 
the device for the applications. System libraries are accessed from the application framework which 
serves as an interface to the hardware.  This contains,  for instance,  the Location Manager class 
which obtains the location of the device from the GPS and can pass it on to other applications.
Applications
Finally, the applications which form the interface for user are operating the top layer. These include 
all  pre-installed  applications  from  Google,  downloaded   and  own  applications  accessing  the 
underlaying  interface  to  the  Android  system.  Applications  are  stored  as  .apk files  in  the 
/data/app directory of the Android system (Becker/Pant, 2010).
Typical features of an Android application will be explained in the next chapter when discussing the 
Android application components.
4.2.2. Android application components
Application components are elements that are used to build applications.  The visible part  of an 
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application that displays an interface as a single screen page is called an Activity, which is derived 
from  the  Android  specific  class  Android.app.Activity.  Hence,  an  application  usually 
consists of several Activity classes that handle functionalities like launching an application or user 
input and evoke each other. Similar to other Android components, an  Activity class iruns trough 
different states which have corresponding class methods. These states of are called the Activity life 
cycle and it is shown completely in Figure 4.4.:
Figure 4.4. The life cycle of an Activity (according to BECKER/PANT, 2010)
To launch an application, the onCreate method of the main Activity is called which initializes the 
interface. Before an Activity becomes visible and can react to user interaction, it runs through the 
onCreate,  onStart and  onResume methods automatically. The  onPause method is called 
once the  Activity is partially overlaid by another  Activity but still visible on the screen. When the 
Activity is  completely  overlaid  by  another  Activity,  it  changes  from  the  onPause method  to 
onStop.  If  the  Activity returns  to  being  displayed completely  again  after  onPause has  been 
called,  the  onResume method  is  used.  Returning  from  onStop requires  running  through the 
onRestart,  onStart and onResume methods because the Activity has been inactive. With 
onDestroy an Activity is terminated which can be forced with the finish method. Very often 
users use the 'Return' button on their smartphone to terminate an application but by doing this, the 
Activity only changes to an inactive mode, thus it still exists. This is an intentional feature of the 
Android system, as it speeds up recreating an Activity the next time it is started and makes optimal 
usage of the system's resources. However, Android manages these processes and can terminate them 
in thecase of an shortage of resources. Every application has its own space within the system's main  
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memory as a part of a sandbox principle which is also responsible for managing permissions by a 
strict restriction of access to the operating system and other applications unless permissions are 
explicitly granted (Becker/Pant, 2010).
Another important component of Android applications are Services which are application that run in 
the background without an user interface. A music player, that continues to play music while other 
applications  can  be  used  is  an  example  for  a  Service.  Services are  actions  that  should  run 
permanently  and independently  from what  is  displayed on the  screen.  Their  life  cycle  is  a  lot 
simpler compared to Activities.
Apart  from  this,  Content  Provider and  Broadcast  Receiver  are  also  very  important  Android 
components. A Content Provider is an interface for data exchanges between applications such as the 
Contacts-Provider that  makes saved contacts available  to many applications whereas  Broadcast  
Receiver, on the other hand is implemented to receive messages from the Android system. These 
messages  include notifications  of  incoming calls  and SMS messages,  the battery  level  and the 
network connection.
The components which carry out connections between single elements by exchanging messages are 
called Intents and can prompt the start of another Activity or launch a Service. A distinction can be 
drawn between explicit  Intents with a specified recipient and implicit  Intents. Implicit  Intents are 
managed by the system which asks what to do if there is more than one possibilitiy of dealing with 
the intent.
All these components together form the Application Context which defines the environment of an 
application and the process that includes all running components. Within the scope of this context, 
data  and resources  can be exchanged between the elements  of  an application.  The  Application 
Context is independent from the  Activity life cycle and can be accessed from the code (Gargenta, 
2011).
4.2.3. Developing applications for Android
Android  applications  are  developed using  the  Android  SDK which  provides  all  necessary  API 
libraries and developing tools. Available packages can be managed with the corresponding Android 
SDK Manager. The SDK also includes an emulator which creates a virtual Device (AWD) to run 
and test application in a simulated Android environment. Google recommends the use of Eclipse 
IDE as software development environment on the Android developers website and provides the 
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ADT-Plugin which extends the capabilities of Eclipse to build .apk applications.
Developing applications for mobile platforms like Android requires a slightly different approach to 
programming. A mobile application is always more dependent on the operating system than an 
application for a desktop computer. Many additional aspects like limited power supply and less 
space for data storage need to be taken into account while developing software for mobile devices.  
Besides the technical limitations, there are other events that have to be considered and intercepted. 
An application running on an Android smartphone can always be easily interrupted by incoming 
phone calls  or  network  disconnection  as  well  as  a  simple  turn  of  the  screen  that  requires  the 
application interface to adapt to the new screen layout.
There are also some Android specific characteristics that need to be considered before starting to 
develop applications. A significant difference to common Java software development is that the 
code and the layout is separated which is revealed in the pre-defined structure of an Android project  
that  contains  the  directories  and  auto-generated  files  which  are  displayed  in  Table  4.2.:
Directories and files Description
/src  source files (Activities and other Java classes) of a application 
/gen 
classes generated automatically
(e.g. R-class with indexes of resources) 
/res 
    /drawable­... 
    /layout 
    /values 
sub directories containing application resources 
images designed for different screen resolutions 
XML files defining the layout of a application 
other XML files with definitions of various elements
/asset  additional directory for storage of resources 
android­manifest.xml meta data, characteristics and components of a application
Table 4.2. The general structure of an Android project
An Activity class implements the code to handle user interaction but the layout is defined using an 
external file in the  /res/layout directory  with XML specifications which an  Activity class is 
linked to. Java Libraries for graphical user interfaces like Swing or AWT are not supported within 
the Android platform. The elements of an Android application's user interface are called Views and 
derived from the Android specific Java class  android.view.View that allows access to these 
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elements from the code. These elements are arranged in a defined layout which is also defined in 
the XML file and is derived from android.view.ViewGroup. Several different layouts can be 
used to arrange View elements on the screen, the most fundamental of which are LinearLayout, 
RelativeLayout and  ListView.  LinearLayout arranges  elements  in  a  linear  direction, 
either vertically or horizontally. With a  RelativeLayout, elements can be placed relatively to 
each other and the ListView displays a scrollable list with View elements as a list item. Schematic 
examples of the three basic layout types are shown Figure 4.5.
Figure 4.5. The basic layout types (from ANDROID DEVELOPERS, 2012)
When creating applications for Android it is also important to consider design guidelines defined by 
Google, which should give an orientation to the developer concerning style issues. The general idea 
of these guidelines is to optimize layouts for the wide range of available devices and to make an 
application  as  user  friendly  as  possible.  All  menu  types,  system  bars  and  design  themes  are 
explained and described and best practices to structure an application are demonstrated as well as 
navigation patterns. Aside from this, specifications like dimensions of launcher icons, contextual 
icons and notification icons are defined and advice for the use of colors and different font types is  
given. Support for displaying layout resources like images on screens with different resolutions and 
densities is given with a set of four general sizes and densities.
A screen with a medium density is should have a density of 160 dots per inch (dpi) which relates to 
the amount of pixels within an area of the screen. According to this standard screen resolution, the 
density independent pixel unit (dp) is defined which equals one pixel on a 160 dpi screen and is 
recommended to define the layout dimensions of the interface to enhance scaling.
Table 4.3. Gives an overview of the Android specific sizes and the corresponding densities and 
resolutions that are used.
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Size Screen density Minimum screen size in dp
small ldpi (120 dpi) 426 x 320
normal mdpi (160 dpi) 470 x 320
large hdpi (240 dpi) 640 x 480
xlarge xhdpi (320 dpi) 960 x 720
Table 4.3. Android sizes for support of different screens (according to ADROID DEVELOPERS, 2012)
To support all these different sizes it is recommended to always provide alternative resources for 
data such as images as well as alternative layouts. If an application does not provide alternative 
resources for images, they are scaled up or down automatically which can cause effects like artifacts 
in an image.
Another important option for the design of buttons and other elements of the interface which have 
to be scaled (e.g. in case of changing the screen orientation) is the usage of the nine-patch file 
format. These files are standard PNG files with the extension .9.png and an additional, 1 pixel-
wide border. They are used as background images for View elements including content like text 
strings.  With this  format,  areas of an image are defined where it  is  either  static or stretchable. 
Optionally,  the area where the content should fit  in can be designated which creates a padding 
effect. The stretching and padding areas are defined by drawing an black line on the additional 
border of the image as shown in Figure 4.6.:
Figure 4.6. Defining stretchable and padding areas in a nine-patch PNG (from ANDROID DEVELOPERS, 2012)
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All  image  files  and  other  resources  are  stored  in  the  /res/drawable­... directory  of  an 
Android project at which the  ... stands for the directory of each of the four general levels of 
screen density (see Table 4.2.).
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5. Conceptual design of Android programming exercises
5.1. General considerations and objectives
As a practical component in the context of this thesis, exercises and tutorials had to be designed and 
composed by the author.  The exercises will  be the foundations  for  practical  lessons within the 
framework of the lecture 'Mobile Cartography' held at the Institute of Cartography, TU Dresden by 
Prof. Dirk Burghardt as a part of the international Master of Science program in Cartography at TU 
Munich,  TU Dresden  and  TU Vienna.  The  lecture  will  start  with  the  beginning  of  the  winter 
semester 2012 for the first time.
Some of the characteristics and problems of Android programming explained in 4.3.  had to  be 
considered for the exercises as well. Firstly, the content of the exercises had to be discussed with a  
focus on the relevance to the lecture. Then considerations had to be made regarding the teaching 
form  and  the  objectives  of  the  courses.  As  the  exercises  will  accompany  the  lecture  'Mobile 
Cartography' the content of the exercises needs to correspond to the lecture to a certain extent. This 
fact provided the general structure of the tutorial as a practical extension to the given lecture. The 
lecture itself provides an overview of methods to deliver mobile information. It covers the field of 
mobile Cartography from data retrieval to data integration and focuses on adaption and modeling 
techniques. Furthermore,  an overview of generalization methods as well  as of current trends in 
mobile applications implementing maps and principles of wayfinding will be given15.
The exercises are part of the practical course work and they should give the students an idea of how 
to  create  and  implement  basic  mobile  applications.  Students  should  be  able  to  understand  the 
challenges of creating applications for mobile devices and have an insight into the structure and 
framework of programming for Android. As a link to the focus in LBS in the lecture, obtaining the 
user location and displaying it on a map is the last and important part of the exercises.
The Android operating system was chosen due to the fact that its libraries and additional tools like 
the ADT-Plugin for the Eclipse IDE and an emulator are available for free usage.  Android has 
recently become increasingly important as operating system on mobile devices recently and will 
play a major role in the market in the future. (see 4.1.)
With  the  Java  programming  language  being  the  main  language  for  implementing  Android 
15 Cartography Master module handbook, page 47 from: http://129.187.175.5/cartographyMaster/index.php?id=36
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applications  another  advantage  of  working  with  Android  was  obvious.  Java  is  taught  as  a 
widespread programming language in the context of studying Cartography at TU Dresden as well as 
other universities with courses related to Cartography and Geoinformation. With this course being 
an elective subject, it can be assumed that students will inform themselves about the content of the 
lecture and practical work and base their decision of to participate in the course or not upon a self-
assessment of programming skills. Programming skills were furthermore a required qualification to 
acquire admission to the Master's program.
5.2. The pedagogical approach
5.2.1. The process of learning
As a important part of the pedagogical approach didactic methods need to be considered. Didactics 
can be translated from Greek as the science of teaching and it is connected to the field of mathetics 
which literally translates as the science of learning (Goerlich, 2011). The most important aspect in 
this context is the process of learning which Klein (2009) defines as “a relatively permanent change 
in behavior that results from experience”. This change of behavior includes a change of knowledge 
as well and this can be triggered  by an impulse, signal or situation. Computers can enlarge the 
possibilities to improve the motivation and didactics of learning. However, they cannot improve the 
process of learning itself. Motivation and didactic are considered as the most important aspects of 
for the conceptual design of a learning environment (Holzinger, 2001).
 
Besides the motivational aspects, it is also important to take the intellectual and social background 
of the learner into account. Additionally, the ability to concentrate on the reception of information is 
a  basic  requirement  at  which  concentration  can  be  defined as  the  duration  of  paying attention 
(Paesch, 2010).
Holzinger (2001) describes the process of learning according to research in the field of learning 
with a theoretical focus on dealing with information as follows:
• reception of information
• processing of information
• consolidation of information
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• storage of information
• applying information
• loss of information
The  reception  of  information  complies  with  the  presentation  of  teaching  material  whereas 
processing the information is the actual activity of learning. Consolidation of learned information 
can be achieved by repetition which leads to a permanent storage of information.  Applying the 
learned  information  means  to  reproduce  the  knowledge  when  the  learner  is  confronted  with  a 
concrete problem that needs to be solved. If the knowledge is not needed the information will be 
forgotten.
5.2.2. Structure and design of the exercises
As the tutorials have been designed on the assumption that a student participating in this course 
already comes with a basic knowledge of informatics and programming in general, and in particular 
the  Java  programming  language,  general  principles  of  Java  like  basics  of  object-oriented 
programming are not part of this tutorial and assumed to be familiar to the students participating in 
the course. The main focus of the exercises is on teaching the basics of programming for mobile 
devices with an Android operating system. To reach this goal, it was necessary for the author to 
have an overview of existing tutorials provided by Google on the Android Developer website which 
are freely available on the Web. These and other references had to be filtered and the relevant parts 
to become familiar with Android programming had to be selected and prepared for the exercises.
Today's technology provides various possibilities to present and distribute material for exercises to 
university students. Therefore, the medium to make the tutorials available for the students had to be 
chosen on the basis of the course structure. As it will take place in a situation where the students and 
an instructor are present in a laboratory equipped with computer workstations, the decision was to 
provide the papers for the exercises in the form of PDF files. These files are distributed at  the 
beginning of  each lesson that  covers  one  exercise and enable  the  student  to  access  the course 
material at any place, for example at home. Nevertheless it is recommended to attend the course 
where an instructor can be consulted. The PDF files can be created in Microsoft Word or Open 
Office files which are easy to edit. They are probaly distributed using OPAL, the existing content 
management system of the TU Dresden that is available to all student.
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This approach leads to the field of E-Learning on which research has already been completed in the 
past at the TU Dresden's Institute of Cartography which made another extensive engagement with 
this way of presenting teaching material unnecessary for this thesis. The research that has been done 
was mainly in the context of creating  Web based E-Learning tutorials for map production with 
different software technologies (Paesch, 2010) and the desktop mapping software OCAD (Goerlich, 
2011).
Nevertheless, some general ideas and concepts of E-Learning need to be discussed in the context of 
this thesis as well.
5.2.3. E-Learning concepts and Learning with digital media
The  practical  approach  of  the  exercises  that  have  been  designed  complies  with  common 
considerations and definitions of E-Learning methods. The method of E-Learning has become wide 
spread and enjoys great popularity. It can be defined as software assisted learning as it becomes 
more and more dependent on the software and technology used and not on the device used. With the 
variety of computer devices today, the actual shape of the used device should not play an important 
role in the process of learning (Baumgartner et al., 2002).
Another definition from Clark and Mayer (2008) describes E-Learning as any kind of instruction 
that is delivered on a computer from a local or remote (Internet, Intranet) source which is applicable 
to every type of E-Learning implementation. These sources include the content that is relevant to 
the objective of learning as well as instructional methods using different types of media elements. 
The content  always conforms to the teaching goals  whereas instructions  can be in the form of 
examples  or  practices.  Furthermore,  it  can  be  accessed  by  an  undefined  number  of  users 
simultaneously  (e.g.  in  one  course)  or  non-simultaneously  (online).  For  this  reason,  there  is  a 
distinction between two major types of E-Learning methods.
On the one hand, computer based training (CBT) focuses on the usage of computer devices for the 
presentation  of  learning  and  teaching  applications.  A  wide  range  of  different  multimedia 
components can be used. On the other hand, Web based training (WBT) contains every learning and 
teaching method that involves a presentation on the Internet using  Web technology to share and 
spread contents.
Although being designed for local and remote access, E-Learning is primarily used for sharing and 
presenting learning exercises via the Web (Kerres, 2012). The approach combining E-Learning and 
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attending  a  course  is  called  'Blended  Learning'.  Various  methods  of  learning  and  teaching  in 
combination with different media components can be blended together (Bernhardt/Kirchner, 2007)).
Another important aspect for E-Learning is the concept of instructional design which originated in 
North America in the 1950s and became a major discipline of empiric pedagogics. The basic idea of 
instructional  design  is  an  adaptive  application  of  different  pedagogical  principles  with  the 
conceptual  design  of  learning  environments.  It  extends  the  scope  of  learning  and  teaching 
possibilities  and  enables  the  instructor  to  find  the  best  suitable  method  for  the  given  purpose 
(Niegemann et al., 2004).
Learning environments that include components of digital media are widespread in education and 
teaching. With digital media being present all around us today, the introduction of computers in 
schools and the change from analog to digital teaching at universities was inevitable. With this  
process, a professional approach to learning environments including digital media was necessary to 
develop new concepts  in  education.  The general  goal  of  all  forms of  multimedia  presentations 
including pictures videos and other animated or interactive resources is to motivate the learner and 
support creating a long-term memory of the learned content. Depending on  previous knowledge, a 
learner may be able to organize new information in schemata which leads to a reception that is only  
selective. A learner with less knowledge has to repeat given information continuously until a state of 
solid storage is achieved. This procedure is dependent on limitations of the human brain concerning 
the processing of new information. For this reason, developing multimedia learning environments 
also means to take the previous knowledge of learners as well into account as the fact that new 
information need to  be stored and should not  exceed a  certain limit  (Niegemann et  al.,  2008).
The characterization of arranged learning environments containing digital media can cover different 
aspects of learning. A rich variety of media types is just as important as the preparation and format 
of the media itself. They should encourage the learner to become active and finally be designed in a 
way that conforms to the situation and environment of learning. All these characteristics should be 
implemented in a CBT that supports communication between the teacher and the learner with the 
usage of digital multimedia systems (Kerres, 2001).
5.3.4. The ECLASS model
The E-Learning model that has been considered as highly appropriate for the exercises that had to 
be developed is called ECLASS model (Gerson, 2000). This model has been developed to provide a 
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guideline for developing courses at schools and universities, based on an approach that complies 
with the idea of WBT with remote access. It supplies a consistent educational structure that can be 
recognized by students and even be used with XML technology. Each section can be adapted to a 
specific layout and meta data can be added as realized in the GITTA project (Goerlich, 2011). As it 
has been discussed and used in related work this will be used as a reference at this  point. The 
acronym, adapted to the GITTA project stands for the different steps in the process of working with 
the material.
• E = Entry: introduction into what is to be discussed in the E-Learning exercise.
• C = Clarify: presentation of theory about content and concepts that are being taught.
• L = Look: presentation of illustrated samples and examples
• A = Act: encouraging the student to engage actively into practicing the content taught.
• S = Self-assessment: students test for themselves what they have learned and be controlled
• S = Summary: pointing out the main facts that have been taught
The model provides an excellent way to arrange the units of an exercise in a logical structure. 
Despite being designed with a focus on being used a layout for  Web pages displaying learning 
content, the structure could be adapted to suit the given requirements of programming exercises.
Appendix 1 includes the first  exercise as an example for the exercises that are arranged in the 
manner of the ECLASS model. The first section that serves as the 'Entry' part of ECLASS is called 
'Objective'  and gives  a  short  description about  the learning target  and the skills  that  should be 
acquired  in  this  exercise.  The  'Clarify'  section  is  equivalent  to  the  following  paragraph,  the 
'Introduction',  which  provides  a  short  overview of  the  theoretical  background for  this  exercise. 
Terms are discussed and the technical context is explained. To indicate the importance of this part 
and  to  easily  distinguish  it  from  the  other  parts  of  the  exercises,  a  light  yellow  is  used  as 
background color. The 'Tutorials' part that follows is equals the 'Look' section from ECLASS. Code 
samples are given and explained as well as instructions for processing. After this section, a 'Task'  
section follows that serves as the 'Act' part of ECLASS and encourages the students to practice the 
content that was was taught in the 'Tutorial' section by extending or modifying existing the code. 
Subsequently, the students are asked 'Control Questions' about the content of the 'Introduction' and 
'Tutorials' sections for self-assessment before a 'Summary' section that points out the main aspects 
of the exercise is concluding it.
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5.4. Content of the exercises
The following section will give an overview of the content, objectives and task of each tutorial  
designed by the author. They have been created and implemented by the author based on available 
online  documentation  from  Google  and  different  guide  books  for  Android  programming.  The 
summaries given are just a short description to give the reader a general idea of the exercises.
Aside from the ECLASS model, the general idea of the structure and content of the tutorials was 
determined by what is necessary to build a simple application and to how to get an appropriate entry 
into the field of programming for Android. Starting with a simple 'Hello World' application gives a 
suitable introduction and with this first code example basics of the framework to work with Android 
can be explained including the installation and handling of needed software tools as well as the 
project  structure  and  file  system.  Subsequently,  becoming  familiar  with  different  layouts  for 
applications was considered to be a reasonable follow-up to the first exercise as this topic is still 
relevant to the project structure part of the first exercise. The XML code is easy to understand and 
the layouts can be modified and understood with the given information. In the third exercise, the 
main focus is on the principle of Intents as connectors between Activities which was chosen as it is 
one of the main characteristics and functionalities of Android programming. The focus of the fourth 
exercise  is  on  database  access  to  manage  data  in  order  to  introduce  data  storage  with  SQLite 
databases in Android. Finally, in the fifth exercise the connection to the cartographic focus is made 
with  an  introduction  of  using  a  map  service  provided  by  Google  Maps  in  combination  with 
obtaining the user location from the device. This should deliver a deeper practical insight into the 
field of location based services and the involved technological aspect. The following sections will 
give an overview of the specific content and objectives of each exercise.
5.4.1. Content of the single exercises
Exercise 1 – Building your first Android application
The first exercise gives an overview of the first steps in software development for the Android 
platform. The programming tools (Android SDK, Eclipse) are introduced and a short overview of 
the basic elements of an Android project in general and in the Eclipse IDE is given. In a tutorial, the  
setup of the Android SDK, Eclipse and the ADT-Plugin is explained, before an example of a 'Hello 
World' application is given and discussed. Additionally, configuring and launching an emulator for 
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an Virtual Android Device is explained. As an easy first task, the code of the 'Hello World' example 
had to be adapted to the Android framework with referencing to an external layout definition in an 
XML file.
The objective of this exercise is to enable the students to install and set up the Android Software 
Development Kit  and the Eclipse IDE with the ADT-Plugin for Android. Additionally,  they are 
aware of an Android project's structure and can implement a simple Activity with a 'HelloWorld' 
application.
Exercise 2 - Common layout objects
In this exercise three common layout types of Android applications are introduced and explained. 
The  idea  of  separating  the  layout  from the  code  is  recapitulated  in  the  introduction  and  it  is 
explained how to define a layout with XML code and attributes. In the following three tutorials, the 
layout types LinearLayout, RelativeLayout and ListView are explained and a sample code for each 
type is provided. Figures demonstrate the result of the code in the Graphical Layout view in Eclipse. 
The task of this exercise is to slightly change the layouts with the knowledge from the provided 
code  and  layout  descriptions  to  add  more  View elements.  Furthermore,  text  strings  and  other 
resources had to be defined in separate XML files. 
In  this  exercise  the  objective  is  to  enable  the  students  to  implement  three  basic  types  of  user 
interface layouts which are LinearLayout, RelativeLayout and ListView. They should understand 
the  general  idea  of  the  separation  of  application  code  and  application  layout  in  the  Android 
framework.
Exercise 3 - Building an intent to start another Activity
In this exercise, the principle of interaction between Activity classes with an Intent is introduced. 
The characteristics and properties of an Intent are explained as well as the data it can deliver. 
The tutorial  focuses on delivering an Intent that has been started by clicking a button from an 
Activity to another. The Intent passes on an text string that is displayed in the new Activity class. 
Additionally, a Button in the options menu has to be added which launches the same Intent. As a 
task, a new button had to be implemented in the new Activity class to simulate the navigation back 
to the Activity started initially.  The text string has to be passed back with this  Intent as well.  
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As the  objective  of  this  exercise,  the  students  should  understand  the  basic  idea  of  application 
interaction using Intents. They are able to implement a simple interface with a button to pass data 
from an Activity's text field to another Activity. Furthermore they become more familiar with the 
Android-manifest and the use of Intent-filters.
Exercise 4 - Access to SQLite databases 
In this  exercise,  the  basic  principles  of  the  SQLite  relational  database  management  system are 
introduced. Important characteristics are listed up and the SQLite own syntax is explained with a 
focus  on  the  query()  method.  The tutorial  consists  of  two parts.  Firstly,  it  is  described how a  
database is accessed and handled by a managing class. In the second part, it is explained how to 
display the data  in a ListView layout.  As a  task,  an update method for the database had to be 
implemented and additionally a delete method could be added as well. 
The objective of this exercise is to make the students familiar with the SQLite relational database 
management system and enable them to implement the basic CRUD (create, read, update, delete) 
database operations. These operations are used to display contents of the database in a ListView 
layout.
Exercise 5 – Google Maps API and user location 
In this exercise, the Google Maps API for Android is introduced. The MapView and MapActivity
classes to create a Map interface and the LocationManager to obtain the user location are described 
and explained. In the tutorial, it is described how to obtain get a Google Maps API Key to integrate  
the Google Maps API in an Android application. Subsequently, a simple application implementing a 
MapView layout and obtaining the user location from a MyLocationOverlay is demonstrated. With 
this  exercise being quite  complex and as a  modification to  the code would require  a lot  more 
explanation  in  the  tutorial  part,  a  task  is  left  out  to  keep  the  exercise  manageable.
In this last exercise, the objective is to enable students to implement a map provided by Google 
Maps in an Android application. They should be familiar with the Google Maps API functionality 
and can obtain the user location from the Android system as well as displaying it in a map created 
with the API.
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5.4.2. Outlook to ideas for further exercises
The exercises described already cover a wide range of basic operations that can be implemented in a 
Android application. Despite a Java programming background, the author had to get familiar to the 
characteristics of Android programming at the first place which did not allow him to spend more 
time on the exercises in order to finish the thesis in time. Possible topics of further exercises could 
include the life cycle of an Activity and the integration of non-proprietary map content like OSM 
into an application as well as access to other sensors like motion sensors that are important for AR 
applications and the design and creation of custom made icons and images for an own application 
and their integration into a project.
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6. Summary and outlook
The objective of this thesis was the conceptual design and implementation of exercises including 
tutorials for Android application development in the context of the lecture 'Mobile Cartography' that 
is going to be held by Prof. Burghardt from the Institute of Cartography of the TU Dresden.
After an introduction to the subject of the thesis, the basics of mobile applications in a cartographic 
context  have  been  discussed  in  the  fist  section.  The  interaction  with  mobile  cartographic 
applications  has  been  explained  and  the  differences  to  interaction  with  web  applications  was 
discussed  briefly.  Subsequently,  the  use  of  location-based  services  in  mobile  applications  was 
examined.  As  an  example,  the  usage  of  LBS  for  social  network  platforms  and  their  mobile 
applications has been analyzed. After that, an overview of existing sensor technologies provided by 
smartphones was given and their potential was analyzed, considering use and implementation of 
augmented reality applications.
In the second section, an overview of mobile platforms and application development was given. 
Common software platforms for mobile applications running on smartphones were introduced and 
examined. After that, the Android platform was analyzed in detail by explaining its components and 
the framework for software development.
The third section covered the main focus of the thesis. Theoretical basics of the process of learning 
and  E-Learning  methods  are  described  to  explain  the  pedagogical  approach.  This  includes  an 
explanation of the ECLASS model that was derived from E-Learning purposes and provided the 
concept and structure for the exercises. The content of the designed and implemented exercises was 
explained briefly in the following part closing with an outlook on possible further exercises.
6.1. Summary of the practical work and conclusions
The practical work that included the conceptual design and implementation of exercises for Android 
application development was the main focus of this thesis. The results are going to be foundations 
for a practical course that accompanies the lecture in 'Mobile Cartography' which is going to start in 
October 2012 as a part of a new international Master of Science in Cartography.
The objective of these exercises is to enable students to develop simple applications for the mobile 
platform Android  as  the  field  of  mobile  applications  is  becoming  increasingly  important.  The 
lecture covers theoretical aspects about mobile Cartography including LBS  and is therefore linked 
with the practical course. For this reason five exercises have been designed and implemented by the  
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author that are covering the following topics:
– project structure and 'Hello World' application
– common layout objects and types in XML
– interaction and data exchange between Activities
– database access including CRUD operations
– integration of a map service and obtaining the user location
The creation of these exercises required a basic knowledge about the Java programming language to 
understand the basic mechanisms of Android software development.  It  is assumed that students 
participating in the course are already having programming skills so the exercises were designed on 
the premise that Java is not explained explicitly. 
While working on the exercises the author was confronted with the dynamics in the field of mobile 
software development. With the introduction of the Google API level 16 in July 2012 a lot of the 
available Android library packages changed and some of the examples that have been designed 
before had to be adapted to the new API level to make the exercises compatible to it. One example 
is  the tab layout with the class 'TabActivity'  that is deprecated and no longer supported by the 
current  Android  version,  despite  it  is  found in  many tutorials  that  have  been the  base  for  the 
development of theses exercises.
6.2. Outlook
With the increasing technological possibilities of smartphones and mobile computing, the field of 
mobile  cartography  and location-based  services  has  a  great  potential  for  further  research.  This 
includes  especially  the  development  in  the  technological  field  of  mobile  hardware  and  the 
improvement in mobile Internet access bandwidth. As it is mentioned under 5.4.2. the exercises also 
have a potential or even the need to be extended to cover all aspects of mobile cartography and to  
deepen the insight in programming for mobile devices.
The market for mobile applications is still growing continuously and an understanding of software 
development for mobile platforms will be an essential skill for future cartographers. Taking the 
ongoing legal disputes between smartphone manufacturing companies into account, developers and 
consumers should hope for ongoing competition to keep the dynamic of today alive.
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1. Objective
The students are able to install and set up the Android Software Development Kit and the Eclipse 
IDE (Integrated Development Environment) with the ADT Plugin for Android. Additionally, they are 
aware of an Android project's structure and can implement a simple 'HelloWorld' application.
2. Introduction
2.1. Software Development for Android
Android SDK
The Android Software Development Kit (SDK) provides you the API libraries and developer tools 
necessary to build applications for Android with the Java programming language. It is readily 
available from Google and can be downloaded from the Android Developers website under a 
Creative Commons license.
Eclipse IDE
Eclipse is a popular Integrated Development Environment (IDE) for Java-Development and a 
variety of other programming languages. It is an open source software and can be downloaded 
and installed easily. We are going to work with the latest version which is Eclipse 4.2 Juno and 
has been released in June 2012. 
It doesn't matter if you have worked with Eclipse before. Here are some helpful keyboard 
shortcuts for a start if you haven't: 
Strg + Spacebar auto complete typing/view code suggestions 
Strg + Shift + O organize (add/remove) imports 
Strg + Shift + C comment/uncomment code 
ADT Plugin
The Android Development Tools (ADT) Plugin is a custom Plugin for the Eclipse IDE and gives 
you a powerful and integrated environment to develop Android applications. It is also available 
from Google and can be downloaded from the Android Developers website.
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2.2. Basic components of an Android application
The  Activity   class 
The functionality (launching an application, reactions to user input, etc) of an Android 
application is always implemented in a Java class called Activity. These classes are used to 
display a single page on the phone's screen when an application running and to handle user 
interaction.
Views and Layouts 
View classes are the elements of the layout displayed on the screen while the application is 
running. The arrangement of these View classes is defined in a separate XML file where the 
appearance of all elements is specified as well. Every element is derived from the class 
android.view.View whereas layouts are derived from android.view.ViewGroup.
For this reason, the application's interface displayed on the screen always consists of an 
Activity that reacts to user input and a layout that is defined separately.
Application interface = Activity + layout
This separation of code and layout is similar to the structure of web applications. It provides a 
clear project structure and the application's code can be better maintained. Changes can be 
made more easily and independent from the other part of the application as the actual code 
and the layout are separated. For example, changes of the layout does not require to recompile 
the Java code. Also the performance of a layout defined in an external XML file is better than a 
hard coded layout definition.
Android manifest
The android-manifest.xml file registers meta data of our project and contains a list all Activity 
classes. Thereby, the Android system is informed about all Activity classes our application 
contains. We will have a proper look at this file later in Exercise 3. 
R-file
Every element of the layout is indexed and registered in the R-file, a class generated and 
updated automatically in your Eclipse  project to let the application know where its layout 
elements are defined. This improves the performance of an application because layout 
resources can be loaded more quickly by using their index.
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2.3. Structure of an Android Project in Eclipse 
An Android project created with Eclipse always contains a set of default directories and files. 
The following table gives an overview of important ones:
/src source files (Activities and other Java classes) of a application 
/gen classes generated automatically (like the R-class with the 
resources indexes) 
/res 
    /drawable... 
    /layout 
    /values 
sub directories containing application resources 
→ drawable objects designed for different screen resolutions 
→ files defining the layout of a application 
→ other XML files with definitions of various elements
/asset additional directory for storage of resources 
android-manifest.xml meta data, characteristics and components of a application
Resources can be XML-, text- or binary files of any kind. Separate text files for example are used 
to make your application available in different languages. There are three different directories 
for image data due to the fact that smartphones have different screen resolutions. 
Sub folders are named after the quality of the files for the different screen types: 
Low /drawable-ldpi QVGA (280x320) 
Medium /drawable-mdpi HVGA (320x480) 
High /drawable-hdpi WVGA (480x800) 
Xlarge /drawable-xdpi XVGA (720x960) 
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3. Tutorials
3.1 Installing the Android SDK and the ADT Plugin for Eclipse
Android SDK
The first step is to download and run the Windows installer for the Android SDK from
http://developer.android.com/sdk
After the installation has completed, you can run the Android SDK Manager directly from the 
installation dialogue or from Start → Programme → Android SDK Tools → SDK Manager
Figure 1. The Android SDK Manager with available/installed packages and Updates.
Make sure 'Tools' and the latest Android version API package is selected and install the packages. 
Accept all package licenses on the next page and click Install.  The installation takes a few minutes 
and you can observe what it is doing in the Android SDK Manager Log and the Progress Bar at the 
bottom of the Manager.
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ADT Plugin for Eclipse
When the installation has finished, the next step is to download and set up the ADT-Plugin for 
Eclipse. Download the latest version of Eclipse IDE (Eclipse Classic) from 
http://www.eclipse.org/downloads
unzip the folder and start the exclipse.exe.
Then select Help → Install New Software... and click the Add... button. Enter 'ADT-Plugin' as name 
and set the following URL for 'Location' of the repository,
https://dl-ssl.google.com/android/eclipse
then click OK.
Figure 2. The 'Install New Software' window of eclipse with the 'Add repository' field open.
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Figure 3. Overview of downloaded tools in the installation dialogue.
In the next window, select 'Developer Tools' and click Next. You will see a list of downloaded tools 
and click Next again. Accept the license agreements in the next window and click Finish. You can 
ignore a security warning that might occur.
After the installation has finished, the installation dialogue asks you to restart Eclipse. Restart 
before you continue with the next step.
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3.2 Creating a new project with Eclipse
Now we are ready to create our first Android project in Eclipse. Let's start with a simple 'Hello 
World' Application with only one Activity that will display a plain text on our screen. The first step 
is to set up a new Android project in Eclipse. Go to
File → New → New Project
and the 'New Project' window opens. Select 'Android Application Project' and click Next.
Figure 4. The 'New Project' window of Eclipse with the options for Android projects.
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Now enter a name for your project (in this example we used 'TutorialApps' as your Application 
name) and leave the other options as default. We will use this projects in all further exercises.
By default, the build target is set to the latest version of Android. This will also be the version we 
are going to work with.
Figure 5. Set your project parameters.
As you change the Application Name, the other parameters are changed automatically as well. You 
can change the package name to org.<name>.tutorialapps as it says in the dialogue that the used 
prefix is a placeholder and should be replaced.
Leave the two following windows unchanged and continue to click Next.
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Figure 6. Configure attributes of the icon set.
In this dialogue you can define a Launcher Icon but as this is not relevant for us at this state we 
leave it as default and continue with Next.
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Figure 7. Create an Activity for your new app
Now we have to decide how to name our first Activity which will be created by Eclipse after 
finishing the project setup. Change the Activity Name to 'HelloWorldActivity' and click Next again.
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Figure 8. Set the name for your Activity and layout file.
This dialogue lets you choose a name for your Activity class. You can also set an individual name 
for the layout file but we leave it as it is created in Eclipse by default. 
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Additionally you need to install the Android Support Library to finish the project setup. Click 
Install/Upgrade and after the installation has completed click Finish to leave the project setup.
Figure 9. Installing new dependencies
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3.3 Building your first application
The next step is to replace the code generated automatically below your package name in your 
HelloWorldActivity class with the following:
import android.app.Activity;
import android.os.Bundle;
import android.widget.TextView;
public class HelloWorldActivity extends Activity {
@Override
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
TextView textview = new TextView(this);
            textview.setText("Hello World!");
            setContentView(textview);
            }
}
Now you have created your first Activity class with a simple TextView element as a layout object. 
The text 'Hello World!' is added to it using the setText() method of the TextView class.
The onCreate() method is similar to the main() method from common Java programming and has 
to be implemented in every Activity class. It is always called when an Activity class is started and 
created and the application is launched. It also initializes the layout with the setContentView() 
method. 
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3.4. Launching an Android Virtual Device
To view the result of our work we need to start a virtual Android Device. To do this click on the 
icon for the AVD (Android Virtual Device) Manager on the Eclipse toolbar and start a new emulator 
to run your application to view the result.
Figure 10. Starting an AVD with the emulator
Give it a name and set the Target to the latest API level as shown in Figure 10 and click on Start in 
the AVD Manager to run the emulator. Do not change the options in the next dialogue and click 
Launch.
Note:
Once you have started an AVD you should keep it running while you are working on your code and 
testing your application. As it emulates an entire Android system, it always takes some time until it 
is completely booted. It is not necessary to restart it every time you want to test and launch an 
application from Eclipse.
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Figure 11. The emulator with Android 4.1 running
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Now we a ready to finally run our first application. Once the AVD has booted and the Android 
home screen is displayed like in Figure 11 we can click on the Run Button of Eclipse 
and this is what you should get:
Figure 12. This is what your 'HelloWorld' app should look like now 
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4. Task: Adapt your application to the Android framework
The Activity class of your first application does not use any of the resource files of your Android 
project yet. To change that we have to alter our code a little bit.
Delete the two lines where the TextView element is instantiated and the setText method is called 
to add a text to it. Subsequently change the parameter of the setContentView method to the 
following:
setContentView(R.layout.activity_hello_world); 
Now the layout is specified with the activity_hello_world.xml file which was generated 
automatically in the /layout directory of our Android project and is available using a reference to 
the R-file. You realize that the XML file contains a definition of the TextView element when 
opening it. It can be seen that the 'Hello World' Text is referenced to a String at another place. 
What it contains is defined in the strings.xml file in the /values directory. Restart your application 
in the emulator again and you will realize that the displayed text has changed to the default 'Hello 
World' Text of your Android project which is only slightly different to our first example:
Figure 13. The default 'HelloWorld' view running in the emulator
5. Control Questions
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– What are the functions of an Activity class?
– Why is the layout defined in a separate XML file?
– What is the function of the onCreate() method?
– How is a XML layout linked to the Java code?
6. Summary
The first exercise gives an overview of the first steps in software development for the Android 
platform. The programming tools (Android SDK, Eclipse) are introduced and a short overview of 
the basic elements of an Android project in general and in the Eclipse IDE is given. In a tutorial, the  
setup of the Android SDK, Eclipse and the ADT-Plugin is explained, before an example of a 'Hello 
World' application is given and discussed. Additionally, configuring and launching an emulator for 
an Virtual Android Device is explained. As an easy first task, the code of the 'Hello World' example 
had to be adapted to the Android framework with referencing to an external layout definition in  
an XML file.
The objective of this exercise is to enable the students to install and set up the Android Software  
Development Kit and the Eclipse IDE with the ADT-Plugin for Android. Additionally, they are aware 
of  an  Android  project's  structure  and  can  implement  a  simple  Activity  with  a  'HelloWorld' 
application
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